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Summary
Introduction: Neonatal brainstem dysfunction (NBD) associates four symptoms of variable pres-
ence and intensity: suction-swallowing dysfunction, abnormal laryngeal sensitivity and motility,
gastroesophageal reﬂux, and cardiac vagal overactivity.
Materials and methods: We report three cases of severe NBD with chronic aspiration which
required surgical management. Successive failures and clinical deterioration led us to perform
laryngotracheal separation. The surgical procedure consisted in suturing the distal segment of
the trachea to the cervical skin after complete closure of the larynx.
Results: After surgery, these children did not present any pulmonary infection and were allowed
oral nutrition. However, oral communication was no longer possible. Although it is a the-
oretically reversible procedure, the decision is ethically difﬁcult in children free of mental
deﬁciency, because of the vocal loss and the unpredictable NBD outcome.
Conclusion: Laryngotracheal separation may be recommended after multidisciplinary decision
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Introduction
Neonatal brainstem dysfunction (NBD) was ﬁrst described
in Pierre-Robin’s syndrome. Children with NBD do not have
cleft palate, but otherwise show similar functional symp-
tomatology and evolution.
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NBD results from heterogeneous abnormalities affecting
he brainstem network at various stages of its development
1]. It may be isolated or part of a multiple malformation
yndrome.
Classically, four types of symptom are associated,
o varying degrees of severity: oral disorder, impairing
uction-swallowing; esophageal kinetic disorder, inducing
astroesophageal reﬂux (GER) generally resistant to med-
cal treatment; ventilation disorders, such as laryngeal
yspnea or obstructive (or more rarely central) apnea-
ypopnea; and vagal overactivity (bradycardia, vasovagal
pisodes).
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Diagnosis is basically clinical, eliminating differential
iagnoses of Arnold Chiari malformation, neuromuscular
bnormality, and involvement of cranial nerve nuclei, cen-
ral gray nuclei or brainstem cortical afferent pathways [2].
When NBD is isolated, prognosis is generally good, with
unctional recovery of the pharyngolaryngeal region. In
ultiple malformation syndromes, in contrast, prognosis is
oor and improvement is late, especially if psychomotor
evelopment is affected [3].
Management consists in preventing life-threatening res-
iratory and nutritional complications. Food choking and
astric or salivary choking is induced by impaired swallow-
ng, hypersalivation, GER, laryngeal paralysis in opening and
ack of cough reﬂex.
Medical management includes feed thickening or enteral
utrition, and medication as in GER (proton pump inhibitors,
rokinetics) or hypersalivation (oral or percutaneous anti-
holinergics, or botulinum toxin). Efﬁcacy is, however,
ransient and side effects are numerous. Surgery is indicated
n case of failure: antireﬂux procedure or bilateral submax-
llectomy with associated parotid duct ligation is effective
n 87% of cases of hypersialorrhea [4] but at the cost of
ide-effects: xerostomia (7.5%), tooth decay (2%) [4], and
arotitis (18%) [5].
Where management of choking factors proves insufﬁ-
ient, it is essential to protect the airway. Cuffed cannula
racheotomy is the most straightforward technique, but
aryngotracheal separation (LTS) may be indicated in case of
ailure. Initially reported in adults [6], LTS was ﬁrst applied
n children by Cohen and Thompson in 1987, for severe
eurologic pathology with severe chronic aspiration and sig-
iﬁcant psychomotor retardation [7].
We present three original cases of isolated NBD requiring
TS for life-threatening and lung-threatening prognosis.
aterial and method
n three cases of NBD, seen in the ENT Department of the
obert Debré Hospital, Paris (France), between January 2000
nd December 2007, LTS was indicated for chronic aspira-
ion. Surgery began with a circumferential tracheal incision
etween the second and third rings. The distal trachea was
utured directly onto the cervical skin, and the proximal part
as closed onto itself.
linical cases
bservation 1
he patient was born in 2000 at 37weeks GA, and as of birth
resented fainting during feeding, with hypotonia, polypnea
nd hypothermia. He was transferred to IC for recurrence of
evere episodes associating bradycardia and desaturation.
Malformation assessment found hypoplasia of the toes
nd syndactyly, and facial dysmorphia suggestive of partial
ierre Robin sequence. Indirect laryngoscopy found a hyper-
alivary mobile larynx with indirect signs of GER. Holter ECG
howed vagal overactivity.
Given the chronic aspiration, oral medication was
topped and medical then surgical GER treatment initiated,
ollowed by tracheotomy at the age of 1 1/2months. After
t
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epeated pneumopathy treated in IC with many short dis-
harges, he was referred to our Department at the age of
4months.
An initial strategy associating parotid duct ligation,
ilateral submaxillectomy and laryngeal calibration by
eﬂon intubation proved unsuccessful. Following LTS, pul-
onary infection resolved and tracheal aspiration was
essened. Oral nutrition was quickly initiated and gastros-
omy terminated.
In 2007, the children, at 7 years of age, still presented
aryngeal incontinence, preventing surgical repair. Schooling
as normal for age, with the help of a special needs assistant
or the tracheal aspiration; he was communicating by means
f French sign language.
bservation 2
he patient was born in 2000, after normal gestation, and
as immediately intubated for laryngeal dyspnea.
Indirect laryngoscopy found dilator paralysis associated
ith severe sensitivity disorder. Assessment diagnosed NBD.
Following several failed extubations, he underwent
racheotomy at 1 1/2months of age. Gastrostomy was per-
ormed at 3months. Impaired central respiratory control
equired nocturnal ventilation and oxygen therapy.
The children was discharged home at 7 1/2months:
racheotomized, oxygen-dependent, under nocturnal ven-
ilation and with purely enteral nutrition.
Repeated bronchopneumopathy required intensive care.
he last episode was associated with severe hemoptysis with
ulmonary atelectasis and an aspect of diffuse bronchial
nﬂammation. Laryngoscopy found little change: dilator
aralysis, salivary stasis. In such a life-threatening context,
TS was performed at the age of 3 years 10months.
Oral nutrition was rapidly resumed postoperatively and
octurnal ventilation and oxygen therapy were terminated.
n 2007, at 7 years of age, he was free of pneumopathy,
ut regular laryngeal check-ups found no change in vocal
old mobility or in salivary stasis. Schooling was almost nor-
al for age, with the help of a special needs assistant for
he repeated tracheal aspiration. He was communicating in
rench sign language, and speech therapy to develop the
sophageal voice had been initiated.
bservation 3
he patient was born full-term, in 2007, and referred at
irth for impaired suction-swallowing.
He presented with hypersialorrhea with congested
harynx and refusal to feed. Indirect laryngoscopy found
ilateral vocal fold paralysis in abduction, with severe
haryngolaryngeal salivary stasis. NBD was diagnosed from
araclinical assessment.
Lack of clinical improvement and onset of repeated bron-
hopneumopathy led to gastrostomy at the age of 2months
nd tracheotomy at 5 1/2months.Recurrent bronchopneumopathy persisted despite con-
inuous antibiotherapy, salivary drying procedures (scopo-
amine, salivary botulinum toxin injection) and deployment
f various tracheal cannulae. Oral feeding trials were thus
ot feasible, and nutrition was purely by gastrostomy. Rapid
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worsening of pulmonary status and onset of oxygen depen-
dence led the multidisciplinary team to perform early LTS
at the age of 7 1/2months.
At 6months’ follow-up, there was no more lung infection,
oxygen therapy had been stopped and tracheal aspiration
was rare. There was, however, no sign of motor or pharyn-
golaryngeal sensory recovery.
Discussion
The efﬁcacy of LTS in these three children with NBD of
life-threatening and lung-threatening prognosis leads us to
report even so small a number of cases.
Management of chronic aspiration resulted in an esca-
lation of treatment to protect the lower airway. When
medical and surgical GER and hypersalivation treatment
fails, cuffed cannula tracheotomy is the simplest attitude,
but is not totally efﬁcient (cf. the present three cases).
Various treatment options [8] are theoretically available
in case of failure of tracheotomy, but in our experience
offer insufﬁcient results: supraglottic closure by epiglotto-
plasty (50% effective), glottal closure (Teﬂon injection to
nonfunctional vocal folds), or glotto-subglottic obstruction
by Teﬂon laryngeal tube (Aboulker tube, case 1). The third
of these options is not always well-tolerated, and requires
iterative surgery throughout laryngeal growth. In isolated
NBD with rapidly fair prognosis, however, laryngeal cali-
bration, which is easily reversible, may be recommended
(Fig. 1).
LTS is a straightforward operation and provides rapid
results, conserving laryngeal integrity, and having the best
success rate with respect to choking [9]. It is reversible in
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sildren with neonatal brainstem dysfunction.
dulthood [10—13], but no case of pediatric reversibility has
o our knowledge been reported.
The three main pediatric series [14—16] comprised
6 cases of LTS for complex neurologic pathologies associ-
ting choking resistant to classical management and lack
f oral language due to severe psychomotor retardation.
esults were similar between the series: improved quality
f life, with 90% reduction in rates of annual lung infec-
ion and hospital admission [15]. In the present series, oral
utrition, which had been abandoned for several months or
ears, could rapidly be resumed.
LTS, however, excludes the larynx, preventing oral
anguage expression. The technique applies in severe neu-
ologic pathology with psychomotor deﬁcit and absence of
anguage. In isolated NBD, oral communication and supe-
ior functions are normal and prognosis is generally fair.
here NBD is associated with reserved survival and pul-
onary prognosis and failure of treatment, LTS may be
ecommended, at the cost of losing voice function—making
t a mutilating and ethically debatable attitude. Three
ases (5%) of LTS in children possessing oral language
ere reported by Cook [16], including one for NBD. Other
eans of communication are in that case developed: the
sophageal voice has the advantage of being oral, but is
ard to acquire; alternatively, there is sign language.
Indications for LTS depend on the severity of pulmonary
nvolvement and the failure of classical treatments (Fig. 1).
he tracheotomy-LTS interval was as short as 2months in
ase 3, due to rapidly deteriorating pulmonary status despite
ll treatment. When LTS is performed too late (cases 1
nd 2), persistent bronchorrhea is predictive of irreversible
ulmonary sequelae. Pediatric LTS is to be indicated consen-
ually between ENT specialists, pediatricians, pneumologists
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nd ICU physicians. The technique conserves the larynx, and
hus, the prospect of subsequent repair, although this has
ever been reported in pediatrics. Reanastomosis presently
uns up against the difﬁculty of assessing adequate laryngeal
ensitivity to avoid choking. Endoscopy can be completed by
ynamic radiology of swallowing, and laryngeal somesthetic
voked potentials are of interest.
onclusion
TS is indicated in NBD with life-threatening or lung-
hreatening prognosis. Although theoretically reversible,
he indication is ethically fraught in children, due to
oss of voice function and the unpredictable evolution of
BD.
onﬂict of interest
one.
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